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ABSTRACT
The room temperature magnetic susceptibility of the complexes of the ferric N-acetylated heme octapeptide (N-H8PT) from horse heart cytochrome c is known to be generally consistent with the absorption and magnetic rcular dichroism (MCD) spectra of these complexes. However, the N-acetylated methionine complex of the N-H8PT, which has axial coordination identical to that of the parent molecule, is found to exhibit a thermal mixture of high spin (S=5/2) and low spin (S=1/2) states. The temperature dependence of the magnetic susceptibility of the N-acetylmethionine complex yields 6H 
INTRODUCTION
In hemoproteins the magnetic properties of iron are known to be osely related to the electronic structure of the porphyrin, owing to exten~ive mixing of iron d orbitals with porphyrin Tiorbitals via spin-orbit interaction (1) (2) (3) . This has been demonstrated nicely in a large number of hemoprotein derivatives (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . Our investigation of the absorption and MCD spectral behavior and of the magnetic susceptibility of the ferric N-HBPT complexes has shown that such correlation may be extended to model system studies (15) .
The most peculiar observation, however, was the optical and magnetic susceptibility evidence for the coexistence of high and low spin states in a model system of cytochrome c, the N-acetylmethionine complex of the N-HBPT.
The presence of thermal spin equilibrium between the two spin states at ambient temperature is common in ferric hemoprotein derivatives {16-18), although optical and/or magnetic susceptibility evidence alone cannot distinguish it from thermal mixing of the two chemically distinct species, one with a high spin and the other with a low spin ground state, each exhibiting no thermal spin equilibrium, or from quantum mechanical admixing of the spin states (19, 20) . 
MATERIALS AND METHODS
Magnetic susceptibility was measured by the NMR method of Evans (15, 21) .
NMR measurements were carried out on a Varian A-60 NMR spectrometer with a V-6040 variable temperature controller. The temperature dependence of the probe was monitored by the separation of the methyl and hydroxyl proton resonance lines of methanol.
ESR spectra were recorded on a Varian E-9 ESR spectrometer in the X-band region with an Air Products liquid helium cryostat. Table I The N-acetylmethione complex exhibits ~eff 4.0 ~B' much larger than the expected low spin value of native cytochrome c (Table I) 
RESULTS

DISCUSSION
We have demonstrated that there is a good correlation between the electronic structure of porphyrins and the magnetic properties of iron in the ferric N-H8PT complexes (15) . The measurement of the temperature dependence of the magnetic susceptibility of the N-acetylmethionine complex shown in Fig. 1 confirms the presence of thermal spin equilibrium at room temperature.
The behavior of the N-acetylmethionine complex is atypical in every case examined.
According to Iizuka (17) , in a high spin to low spin transition, ~Ho corresponds to the energy difference between the two spin states while ~so corresponds largely to the changes in the degrees of freedom associated with spin degeneracy change. From the ~Ho of -7.6 Kcal/mole (corrected for the thermodynamic contribution due to N-acetylmethionine binding), the energy difference is calculated to be 2638cm-1 • The positive sign is consistent with the low-spin ground state. Its magnitude, however, is apparently much greater than kT at room temperature. In fact, most derivatives of ferrimyglobin, hemoglobin and peroxidase are known to exhibit large energy differences and still show thermal spin equilibrium (16) (17) (18) . This may be realizable only when the entropy term is large enough to overcome the large enthalpy change, such that ~Go~ 0 occurs near room temperature. Surprisingly, this is the case even in the N-acetylmethionine complex, suggesting that the entropic driving force must be an intrinsic property of the heme coordination and/or its association with the solvent medium.
The azide complex has been demonstrated also to exhibit a thermallymixed spin state, with .611°=-3.89 Kcal/mole and ~0 =-8.6 e.u. (27) . It is important to note that both imidazole and azide complexes of cytochrome c do not give se to significant thermal spin equilibrium between 20 and 30°K (28) . In the model complex the heme is totally exposed to the aqueous medium and is free of van der Waals contacts with the protein, whereas in cytochrome c the heme group is confined to a particular environment. In the former case 
